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The early induction of the gene for P5C dehydrogenase, the enzyme that catalyzes the last step in proline oxidation to 
glutamate, has been recently shown in crops undergoing an attack by phytopatogenic fungi (1. Roberts JK, Pryor A, 
Plant J. 1995, 8:1-8; 2. Ayliffe MA, Roberts JK, Mitchell HJ, Zhang R, Lawrence GJ, Ellis JG, Pryor TJ, Plant 
Physiol. 2002, 129:169-180). The accumulation of high intracellular proline concentrations is now widely accepted as 
one of the main osmotic adaptation mechanisms in plants and microorganisms to respond to osmotic/salt/cold stress 
conditions. Up to date, a thorough understanding of the mechanisms underlying regulation of proline biosynthesis has 
been achieved. However, it is still unclear the role of the catabolic pathway, consisting of two steps sequentially 
catalyzed by a proline- and a P5C- dehydrogenase. The oxidative pathway is induced by high intracellular levels of the 
imino acid; such induction is prevented under stress. Besides its obvious role in proline recycling after the re-
establishing of normo-osmotic conditions, no other physiological roles have been up to now identified for the 
catabolic pathway. Actually, Arabidopsis knock-out seedlings for either proline dehydrogenase or P5C dehydrogenase 
are morphologically undistinguishable from wild type ones and show a normal life cycle. The main effect of the 
changes in proline catabolism appears to be a hypersensitivity to the amino acid or to its analogues. 

Indeed, an unexpected result is that the exogenous proline supply apparently causes toxic effects in the plant. Besides 
necrotic area formation, some studies showed a production of reactive oxygen species (ROS) and DNA laddering 
events, suggesting the onset of programmed cell death (PCD). In animal systems it is well known that the proline 
dehydrogenase gene is early induced by the tumor suppressor protein p53, that may inhibit growth and trigger PCD; an 
exogenous P5C supply may also cause apoptosis. Human proline dehydrogenase appears to determine ROS production, 
according to substrate availability. However, the enzyme has never been purified in a plant species.  
Thus proline metabolism could be involved also in higher plants in processes leading to PCD. The hypersensitive 
reaction, which causes a “burned ground” around a pathogen trying to infect the plant, represents one of the main 
responses to the attack by phytopatogenic fungi. If the hypothesis is correct, then the P5C dehydrogenase expression at 
high levels in infected plants, contributing to the conversion of proline to glutamate, may weaken the apoptotic 
response, favouring pathogen spreading. According to this hypothesis, such induction occurs only in compatible 
interactions (1). The process is not restricted to flax, but also occurs in other crop species (2). 
With the aim to confirm the above hypothesis we are currently: purifying and characterizing proline dehydrogenase 
from Arabidopsis, to verify whether also the plant protein may produce ROS; investigating the connection between 
proline and apoptosis, suggested by the DNA laddering events; trying to obtain a direct in vivo proof of ROS 
production, caused by exogenous proline supply, by electron spin resonance (EPR). Results could significantly 
contribute to understanding the mechanisms of the plant response to pathogen attack, possibly leading to relevant 
applications in crop protection. 
 
 




